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(54) Process for separating and puryfying fluorine compounds, and installation thereof 

(57) There are provided a process for separating 
and purifying fluorine compounds, in which a proper rec- 
tifying operation of a mixed gas can be carried out even 
when it contains methane triftuoride, whereby fluorine 
compound components contained in the mixed gas can 
be separated and purified up to such concentrations as 
they can be reutilized, and further an installation there- 
for. 

In a process for separating and purifying fluorine 
compounds ; in which from a mixed gas containing plural 
fluorine compounds a pah of or all of these respective 
components is separated and purified by use of rectifi- 
cation units, methane trifluoride is previously separated 
and removed from said mixed gas containing methane 
trifluoride by an adsorption unit A1, and then a part of 
or all of the remaining components is separated in turn 
through rectification by said rectification units Kl, K2 ; 
K3. 
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Description 

[0001] The present invention relates to a process for 
separating and purifying fluorine compounds, in which 
fluorine compounds are separated and purified from a 
mixed gas which has been concentrated and recovered 
by previously purifying a gaseous mixture discharged, 
for examp!e : from semiconductor-manufacturing proc- 
ess, and containing fluorine compouncs, and fu-ther to 
arTmstallat'On therefor. 

[0002] An exhaust gas discharged from a semicon- 
ductor-manufacturing process, especially from an etch- 
ing and cleaning step, may contain fluorine compounds 
such as methane tetrafluoride, nitrogen trifluonde. 
methane trifluonde, ethane hexaflucride and sulfur hex- 
afluoride. It has been pointed out that almost afl of these 
fluorine compounds are gases causing the earth warm- 
ing because their life is measured to be several thou- 
sands years in the atmosphere and they are strong ul- 
trared absorbents. 

[0003] Accordingly, there have been hitherto dis- 
cussed various methods for decomposing or recovering 
these fluorine compounds For instance, the official ga- 
zette of Japanese Patent Application Laid-open (Kokai) 
No. 103,633/1997 discloses a method for recovering 
perfluoro compounds through membrane separation by 
use of a gtass-like polymer membrane 
[0004] Since fluorine compounds concentrated and 
recovered by the aforementioned method are obtained 
in the form of a mixture, however, said mixture must be 
further separated and purified in order to reutilize the 
respective components thereof. Furthermore, tne offi- 
cial gazette of Japanese Patent Application Laid-open 
(Kokai) No 240,382/1996 discloses a method compris- 
ing previously separating and removing a carrier gas 
and then separating and purifying fluorine compounds 
by use of a rectification column. 

[0005] However, the inventor of this application has 
newly found out that in a case where a mixed gas as a 
feed material contains methane trifluoride although a 
carrier gas is previously removed the separation of 
methane trifluonce using a rectification column can not 
be carried out because it may cause an azectrope with 
methane hexafluoride or sulfur hexafluoride. Further- 
more, the inventor has newly found out that methane 
trifluoride has a higher polarity and hence it will be sep- 
arated in phase from fluorine compounds having a lower 
polarity as the mixed gas is liquefied, thereby causing 
such a problem that a proper rectifying operation can 
not be carried out because one component thereof is 
concentrated in the bottom of the rectification column 
depending on a density difference between them 
[0006] Due to consideration of the aforementioned 
problems therefore, it is an object of the present inven- 
tion to provide a process for separating and pjrifying 
fluorine compounds, in which a proper rectifying opera- 
tion of a mixed gas can be carried out even when it con- 
tains methane trifluoride, whereby fluorine compound 



components contained in the mixed gas can be sepa- 
rated and purified up to such concentrations as they can 
be reutilized. and further an installation therefor 
[0007] The characteristic construction of a separating 
s and purifying process according to the present invention 
for achieving this purpose resides in : 

a process for separating and purifying fluorine 
compounds, which comprises separating and purifying 
from, a mixed gas containing plural fluorine compounds 
to a part of or all of these respective components by use 
of rectification units, characterized in that methane trif- 
luoride is previously separated and removed from said 
mixed gas containing methane trifluoride, and a part of 
or all of the remaining components are then separated 
15 m turn through rectification by said rectification units 
[0008] Although adsorption, membrane separation or 
absorption can be adopted as a method for separating 
and removing said methane trifluoride in the aforemen- 
tioned process, it is preferred, judging from the opera- 
te lional effects mentioned below, that the separation and 
removal of said methane trifluonde comprises separat- 
ing methane trifluoride through adsorption by an adsorp- 
tion unit. 

[0009] Judging from the operational effects men- 

25 tioncd below, it ts further preferred that a mixture of flu- 
orine compounds approximate in their boiling points is 
obtained by said separation through rectification, and 
any fluorine compound is then separated through ad- 
sorption from the same mixture by an adsorption unit 

so [0010] Although anyone of said mixed gases is an ob- 
ject of the present invention if it is of a gas containing 
methane trifluoride and other fluorine compounds, it is 
preferred, judging from the operational effects men- 
tioned below, that said mixed gas contains nitrogen, 

35 methane tetrafluoride, nitrogen trifluoride, methane trif- 
luonde, ethane hexafluoride and sulfur hexafluoride. 
[0011] Furthermore, the characteristic construction of 
a separating and purifying installation according to the 
present invention resides in : 

40 an installation for separating and purifying fluorine 

compounds, in which from a mixed gas containing plural 
fluorine compounds a part of or all of these respective 
components is separated and purified by use of rectifi- 
cation units, characterized in that an adsorption unit is 

4 5 provided which previously separates methane trifluoride 
of the plural fluorine compounds through adsorption, 
and a plurality of rectification units are provided which 
receive a gas from said adsorption unit and separate 
from the same gas a part of or all of the remaining con- 

50 ponents in turn through rectification. 

[0012] Judging from the operational effects men- 
tioned below, it is preferred that another adsorption unit 
is further provided which receives a mixture of fluorine 
compounds approximate in their boiling points, which 

55 has been separated through rectification by said rectri- 
catron units, and separates from the same mixture any 
fluorine compound through adsorption 
[0013] Accord ng to the separating and purifying p r oc- 
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ess of the present invention, no problem of the afore- 
mentioned azeotrope of methane triflucnde is caused to 
happen and the danger of an explosion which may be 
caused by the concentration of methane trifluonde is 
less because from said mixed gas containing methane 
trifluonde said methane trifluonde is previously separat- 
ed and removed, and further a proper rectifying opera- 
tion can be earned out, while no phase separation is 
caused even when the mixed gas is liquefiec, because 
a rectifying operation can be carried out as methane tri- 
fluonde having a higher polarity does not exist. 
[001 4] As a result, there has been provided a process 
for separating and purifying fluorine compounds, in 
which a proper rectifying operation of a mixed gas can 
be carried out even when it contains methane trifluonde, 
whereby fluorine compound components contained in 
the mixed gas can be separated and purified up to such 
concentrations as they can be reutilized 
[0015] In a case where the separation and removal of 
said methane trifluonde comprises separating methane 
trifluonde through adsorption by an adsorption unit, the 
separation of methane trifluonde can be selectively car- 
ried out According to this method, as compared with 
other methods, the separating efficiency is higher and 
the operation can be relatively simply carried out. 
[0016] Furthermore, in a case where a mixture of flu- 
orine compounds approximate in their boiling points is 
obtained by said separation through rectification, and 
any fluorine compound is then separated through ad- 
sorption from the same mixture by an adsorption unit, a 
further separation and purification can be carried out by 
virtue of the separation of any fluorine compound 
through adsorption by the adsorption unit after the mix- 
ture is obtained, although a rectifying operation is car- 
ried out with difficulty when fluorine compounds approx- 
imate in their boiling points exist and as a result, fluorine 
compound components can be separated and purified 
up to such concentrations as they can be reutilized 
[0017] In a case where said mixed gas contains nitro- 
gen, methane tetrafluonde nitrogen tnfluoride, methane 
trifluonde. ethane hexafluonde and sulfur hexafluonde. 
the aforementioned operational effects can be prefera- 
bly obtained, with avoiding problems of the azeotrope 
of methane trifluonde with ethane hexafluonde or sulfur 
hexafluonde and the phase separation thereof, by pre- 
viously removing methane tnfluoride Furthermore, in 
this case, the aforementioned operational effects can be 
preferably obtained by separating nitrogen tnfluoride 
(whose boiling point under normal pressure is -129.0 
°C) and methane tetrafluonde (whose boiling point un- 
der norma! pressure is -127 9 "C, which are fluorine 
compounds approximate in their boiling points thrcugh 
adsorption after the mixed gas is rectified 
[0018] On the other hand, an adsorption unit is pro- 
vided which previously separates methane trifluonde 
through adsorption and a plurality of rectification units 
are provided which receive an adsorption gas from said 
adsorption un.t and separate a part of or all of the re- 



maining components in turn through rectification ac- 
corcmg to the separating and purifying installation of the 
present invention. Accordingly, a proper rect fying oper- 
ation can oe carried out while no phase separation is 

s caused to happen even wnen the mixed gas is liquefied 
because a rectifying operation can be carried out as a 
fluorine compound having a higher polarity does not ex- 
ist. Further a problem of the aforementioned azeotrope 
of methane trifluonde and a problem of the aforemen- 

to tioned danger of an explosion caused by methane trif- 
luonde can be avoided. 

[0019] As a result, there has been provided an instal- 
lation for separating and purifying fluorine compounds, 
in which a proper rectifying operation of a mixed gas can 

75 be carried out even when it contains methane trifluonde. 
whereby fluorine compound components contained in 
the mixed gas can be separated and purified up to such 
concentrations as they can be reutilized 
[0020] In a case where another adsorption unit is fur- 

20 iher provided which receives a mixture of fluorine com- 
pounds appioximate in their boiling points, which has 
been separated through rectification by said rectification 
units, and separates from the same mixture any fluorine 
compound through adsorption, a further separation and 

2S purification can be carried out and as a result, fluorine 
compound components can be separated and purified 
up to such concentrations as they can be reutilized, be- 
cause another adsorption unit is further provided which 
separates any fluorine compound through adsorption 

30 from the mixture separated through rectification, al- 
though a rectifying operation is carried out w;th difficulty 
when fluorine compounds approximate in their boiling 
points exist 

[0021 ] An embodiment of the present invention will be 

ss described here on the basis of Ftg. 1 . 

[0022] In this embodiment, there will be gven an ex- 
ample of producing methane telrafluoride, ethane hex- 
afluonde, sulfur hexafiuoride and the likes from a feed 
gas by use of an installation in the embodiment shown 

■to in Fig 1 Said feed gas will be "a fluorine compounds 
concentration recovery gas" comprising about 5% of ni- 
trogen N 2 about 29% of methane tetrafluonde CF 4 , 
about 2% of nitrogen tnfluoride NF 3 , about 1% of meth- 
ane tnfluoride CHF 3 . about 61% of ethane hexafluonde 

■*s C 2 F 6 , and about 2% of sulfur hexafluonde SF 6 , which is 
obtained by purifying "a fluorine compounds recovery 
gas" containing about 2.000 PPM of fluorine com- 
pounds, which has been used in a semiconductor-man- 
ufacturing unit, then recovered and diluted with nitrogen 

50 gas, by use of another prepurification unit, so that a ma- 
jor part of nitrogen gas is removed therefrom and fluo- 
rine compounds are concentrated In a case where a 
feed gas contains nitrogen N 2 in an amount of more than 
about 10%. in addition, it is preferred that the feed gas 

55 is previously purified by a prepunf ; ca:ion unit as men- 
tioned above so thai nitrogen N 2 is less than about 10% 
[0023] In this embodiment, there will be g:ven an ex- 
ample where an adsorption unit Al is used to separate 
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and remove methane trifluoride and where a mixture of 
fluorine compounds approximate in their boiiing points 
is obtained by said separation through rectification, and 
any fluorine compound is then separated through ad- 
sorption from tne same mixture by an acsorption unit A2 
[0024] After the aforementioned leec mixed pas is in- 
troduced at 100 Nm 3 /h into a compressor 1 through a 
pipe P1 so as to be compressed to a pressure of about 
9.2 ata and taken out through a pipe P2, it is introduced 
into a path cf a heat exchanger EO so as to be cooled 
down to about 30 °C and taken out therefrom through a 
pipe P3 Then the feed gas is introduced into one 2a of 
adsorbers 2a and 2b having synthetic zeolite charged 
therein, where methane trifluoride in the feed gas intro- 
duced in the adsorber 2a is adsorbed: and thereafter the 
remaining teed gas is taken out through a pipe P4 and 
introduced imo a rectification column Kl These adsorb- 
ers 2a and 2b will be alternately used, where when the 
adsorber 2a is used for adsorpiion while another ad- 
sorber 2b is regenerated by nitrogen gas led from a 
loute (not shown), fn addition, the switch-over of these 
adsorbers 2a anc 2b will be carried out by operations of 
valves V1 to V4. 

[0025] The mixed gas comprising nitrogen gas, meth- 
ane tctrafluondc. nitrogen trifluoride, ethane hcxafluo- 
nde and sulfur hexafluonde, which has been introduced 
in between the rectifying portions D11 and D12 of said 
rectification column K1 , is permitted to rise through the 
rectifying portion D11 and a part of the mixed gas is in- 
troduced into a condenser C1 provided on the top of the 
rectification column K1 through pipes P5 and P7. Thus, 
the mixed gas is cooled down to a temperature of about 
-40 °C with a cooling medium (i e. ammonia or hydro- 
carbons) having a temperature of about -43 °C. intro- 
duced therein from the outside, and the partially con- 
densed mixed gas is returned to the top of the rectifica- 
tion column K1 through a valve V5. 
[0026] The liquid portion of said mixed gas which has 
partially condensed in the condenser C1 and returned 
to the top of the rectification column K 1 is caused to flow 
down as a reflux liquid through the rectifying portions 
D1 1 and D12 of the rectification column K1 , and it is rec- 
tified through gas-liquid contact with the mixed gas in- 
troduced therein through the pipe P4 and a gas which 
has been gasified in a reboiler E1 disposed in the lower 
portion of the rectification column Ki and caused to rise 
here By virtue of this rectification, almost all of sulfur 
hexafluonde is liquefied and ethane hexafluoride is also 
liquefied in a small amount, theieby providing a mixed 
liquid This mixed liquid is then introduced into the re- 
boiler E1 by way of pipes PS P10 and a valve V7 so as 
to be gasified, and at the same time, it will be recovered 
under a pressure of about 9 ata and at a temperature of 
about -16 °C by way of pipes P8, P9 and a valve V6 
[0027] A mixed gas comprising nitrogen gas meth- 
ane tetrafluonde, nitrogen trifluoride and ethane hex- 
afluonde. which has been taken out of the top of the rec- 
tifcaltor column K1 under a pressure of about 6 7 ata 



and at a temperature of about -40 °C is introduced in 
between the rectifying portions 021 and 022 of a recti- 
fication column K2 by way of pipes P5, P5 and a valve 
VS and caused to flow down through the rectifying por- 

5 tion D22 as it is partially condensed. The remaining part 
of the mixed gas is permitted to rise through the rectify- 
ing portion D21. taken out through a pipe P21, and in- 
troduced intoa reboiler E3 disposed in the bottom of the 
rectification column K3 so as to be used as a source of 

/ o heat, and the mixed gas itself is cooled down so as to 
be partially condensed and led to a gas-liquid separator 
4 through a pipe P22. A mixed gas consisting of nitro- 
gen, ethane tetrafluonde and nitrogen trifluoride. which 
has been separated as a gas in the gas-liquid separator 

r5 4 is introduced intoa rectification column K3 through a 
pipe P23 and by way of a valve V10 
[0028] In the gas-liquid separator 4, liquid is passed 
through a pipe P24 and a valve V9 so as to become a 
reflux liquid for the rectification column K2, and this re- 

20 flux liquid is caused to flow down through the rectifying 
portions D21 D22 and purified through cuntercuirent 
contact with a rising gas, and a liquid stored in the bot- 
tom of the rectification column K2 is taken out and led 
to a reboiler E2 by way of pipes P25, P27 and a valve 

25 V12 Said liquid is partially evaporated in the rcboilor 
E2, introduced into the rectification column K2 again, 
and caused to rise through the same rectification col- 
umn K2 

[0029] Liquefied methane hexafluoride which has 
30 been rectified in the rectification column K2 and whose 
concentration has got almost 100%, is led out of the 
same rectification column K2 under a pressure of about 
7,3 ata and a; a temperature of about -30 °C, and ;t will 
be recovered as a product by way of pipes P25. P26 
35 and a valve V1 1 

[0030] On the other hand, the mixed gas consisting of 
nitrogen, methane tetrafluonde and nitrogen trifluoride, 
which has been separated as a gas in the gas-liquid sep- 
arator 4. is introduced in between the rectifying portions 
•*0 D31 and D32 of a rectification column K3 ty way of a 
pipe P23 and a valve V10. 

[0031] After said mixed gas introduced in the rectifi- 
cation column K3 is caused to rise through the rectifying 
portion D31 , it is introduced into a condenser C2 through 

->5 pipes P31 and P32, where it is cooled down by a cooling 
medium of liquid nitrogen so as to provide a reflux liquid, 
and said reflux liquid is caused to flow down through the 
rectification column K3 by way of a valve V13 Nitrogen 
separated thiough rectification in the rectification col- 

so um n K3 is taken out under a pressure of about 5 2 ala 
and at a temperature of about -179 °C from the top of 
the rectification column K3 introduced into another path 
of the heat exchanger E0 and then it will be taken out 
by way of a valve V14. 

55 [0032] Methane tetrafluonde and n.trogen trifluoride. 
which have been separated through rectification in the 
rectification column K3 and stored in the bottom of said 
rectification column K3. are taken out under a pressure 
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of about 5.3 ata and at a temperature of about -99 °C 
through a pipe P34 and mtrcduceo into anyone of the 
adscbers 3a. 3b Here nitrogen triflucride is adsorbed 
for removal and methane tetrafluonde will be recovered 
as a oroduct under a pressure of about 5 1 ata and at a s 
temperature of about -99 °C through a pipe P35. These 
adso-bers 3a and 3b wiit be alternately used for adsorp- 
tion by tne operation of valves V21 to V24 and they will 
be regenerated by nitrogen gas led from a route (not 
shewn) In addition, these adsorbers 3a and 3b are filled io 
with synthetic zeolite 

[0033] The adaitional operational effects of this em- 
bodiment will be described as follows. 

(1) By virtue of the separation of fluorine com- is 
pounds through rectification carried out in turn from 

a higher boiling point substance as the tempera- 
tures of the column bottoms of said rectification col- 
umn K1 . rectification column K2 and rectification 
column K3 are made gradually lower in this order. 20 
a lectifying operation can be carried out through 
simpler routes : with facilitating the selection of a 
cooling medium, and further the thermal efficiency 
can be more enhanced, with avoiding problems of 
tnc phase separation and component solidification 25 

(2) The use of the reboiler of the rectification column 
K3 as a condenser to be provided on the rectifica- 
tion column K2 enables to simplify the construction 
of the installation and to enhance the thermal effi- 
ciency more 30 

(3) The separation of a mixed gas to the reflux liquid 
of the rectification column K2 and the feed gas of 
tne rectification column K3 by the gas-liquid sepa- 
rator 4 enables to enhance the concentration of an 
aimed substance in the feed gas of the rectification 25 
column K3 more 

[0034] Other embodiments will be described here 

[1 ] Although there has been given : in the formerem- -to 
bodiment, an example where the separation of flu- 
orine compounds through rectification is carried out 
in turn from a higher boiling point substance as the 
temperatures of the column bottoms of said rectifi- 
cation column Kl , rectification column K2 and rec- +5 
t;fication column K3 are made gradually lower in this 
order it is possible to carry out the separation of 
fluorine comoounds in turn from a lower boiling 
point substance as the temperatures of the column 
bottoms of said rectification column Ki : rectification B0 
column K2 and rectification column K3 are made 
gradually higner in this order and it is also possible 
to select the reverse order 

[2] Although there has been given, in the formerem- 
bodiment. an example of using the reboiler of the 55 
rectification column K3 as a condenser to be pro- 
vided on the rectification column K2 it may be con- 
ceived that a condenser is provided on the rectifi- 



cation column K2 and a reboiler is separately pro- 
vided in the rectification column K3 
[3] Although there has been given, in the forme- em- 
bodiment, an example of separating a mixed gas to 
the re : lux liquid of the rectification column K2 and 
the feed gas of the rectification column K3 by the 
gas-liquid separator 4 it may be constructec that 
the feed gas is directly led to the rectification column 
K3 from the pipe P21. 

[4] Although there has been given, in theforme^ em- 
bodiment, an example where a mixture of fluorine 
compounds approximate in their boiling points is 
obtained by a separation through rectification and 
any fluorine compound is then separated through 
adsorption from the same mixture by an adsorotion 
unit, it goes without saying tha: such an separation 
through adsorption as mentioned above is not nec- 
essary in a case where fluorine compounds approx- 
imate tn their boiling points do not coexist. 
[5] Although there has been given, in Ihe former em- 
bodiment, an example of separating methane triflu- 
oride through adsorption by an adsorption unit, it is 
possible to separate and remove methane trifluo- 
ride through membrane separation or absorption 
In this case, there will be used a membrane sepa- 
rator utilizing a polymer membrane for gas separa- 
tion, through which methane trifluoride is selectively 
permitted to permeate, or various absorption units 
utilizing an absorbent capable of selectively absorb- 
ing methane trifluoride 

[6] The composition of a feed gas, temperatures 
and pressures exemplified in the aforementioned 
description are merely one example when the 
present invention is put into practice. However 
these factors are not limited to the aforementioned 
figures because they vary depending on the design 
of respective unit parts and the operating condition. 

[0035] Fig 1 is a schematic constructional view show- 
ing one example of an installation for separating and pu- 
rifying fluorine compounds 

Claims 

1 . A process for separating and purifying fluorine com- 
pounds, which comprises separating and purifying 
from a mixed gas containing plural fluorine com- 
pouncs a pad of or all of these respective compo- 
nents by use of rectification units, characterized in 
that 

methane trifluoride is p-eviously separated 
and removed from said mixed gas containing meth- 
ane tr fluoride, and a part of or all of the remaining 
components are then separated in turn through rec- 
tification by said rectification units 

2. A process for separating and purifying fluorine com- 
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pounds, according to claim *., in whicn the separa- 
tion and removal of said methane tri'luonde com- 
prises separating methane tnfluonde throLgh ad- 
sorption by an adsorption unit 

5 

A process forseparatmg andpunfymg fluorine com- 
pounds, according to claim 1 or 2. in which amixlure 
of fluorine compounds approximate in their boiling 
points is obtained by said separation through recti- 
fication, and any fluorine compound s then sepa- to 
rated through adsorption from the same mixture by 
an adsorption unit 

A process for separating and purifying fluorine com- 
pounds according to anyone of claims 1 to 3, in is 
which said mixed gas contains nitrogen methane 
tetrafiuonde. nitrogen tnfluonde, methane tnfluo- 
nde ethane hexafluonde and sulfur hexafluoride 

An installation for separating and purifying fluorine 20 
compounds, in which from a mixed gas containing 
plural fluorine compounds a part of or all of these 
respective components is separated and ounfied by 
use of rectification units, characterized in that an ad- 
sorption unit is provided which previously separates 
methane tnfluoride of the plural fluorine compounds 
through adsorption, and a plurality of rectification 
units are provided which receive a gas from said 
adsorption unit and separate from the same gas a 
part of or all of the remaining components in turn so 
through rectification. 

An installation for separating and purifying fluorine 
compounds, according to claim 5. in which another 
adsorption unit is further provided which receives a 
mixture of fluorine compounds approximate in their 
boiling points, which has been separated through 
rectification by said rectification units, and sepa- 
rates from the same mixture any fluorine compound 
tnrough adsorption J 0 
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